We have investigated the capacity of the avian adenovirus CELt to induce interferon in primary chicken embryo fibrobtasts. The multiplicity of infection appeared to be an important factor in the induction of interferon.
INTRODUCTION
Several authors have demonstrated that among the different interferon inducers, synthetic and virus double stranded RNAs are good inducers of interferon (Field et al. I967a, b; Tytell et al. 1967; Long & Burke, I97I) . Double-strandedness confers a stability to their secondary structure and a resistance to cellular ribonucleases, which could explain their high capacity for inducing interferon (De Clercq & Merigan, I969) .
Little is known about the mechanism of interferon induction by DNA viruses, although a double-stranded RNA was isolated from chicken cells infected with vaccinia virus (Colby & Duesberg, I969) . This RNA was capable of stimulating antivirus resistance in vitro.
Human and animal adenoviruses were found to be potent inducers of interferon (Beladi & Pusztai, I967; Ho & KShler, I967; Markovits, I97o) . For our study, we chose an avian adenovirus, CELt, isolated by Yates & Fry in I957, which proved to be a good inducer of interferon in chicken cells (Markovits & Coppey, t97I ) . We attempted to define the role of parental virus in induction of interferon. For this purpose we separated the infectious and interferon stimulating properties of CELt virus by u.v. irradiation of the infecting virus and by cytosine arabinoside (CA) treatment of cells infected with CELt virus.
CA is a known inhibitor of cellular and virus DNA synthesis. It inhibits the replication of several DNA viruses, e.g. that of human adenoviruses (Feldman & Rapp, I966) , and that of CELt virus (Ishibashi, I97O).
We show that interferon can be normally induced by the parental CELt virus under conditions where DNA synthesis and virus replication are inhibited.
Cells. Primary chicken fibroblasts were prepared from I I-day-old embryos and plated in plastic Petri dishes. The chicken kidney cell cultures were obtained by trypsinization of kidneys from 1-day-old chickens.
Medium. Eagle's MEM, supplemented with 5 ~o horse serum, 2 ~o embryonic calf serum, 0. 5 Mm of arginine, and antibiotics was utilized in all experiments. For plaque essays, agarose medium was supplemented with 2 % embryonic calf serum.
Virus. The PHELVS strain of CELO virus was kindly given to us by C. W. Potter (Sheffield, England). It was propagated in the allantoic cavity of 8-day-old embryonated eggs. Virus titrations were performed in tube cultures of chicken kidney cells. The human adenovirus 7, obtained from the American Type Culture Collection, was propagated in KB cells. The Indiana type of vesicular stomatitis virus (VSV) was used as challenge virus in interferon titrations.
CELO virus was purified by isopicnic rubidium chloride gradient sedimentation according to Anderson et al. (I97I) . Infectious virus was found at a density of about 1"34 g/cm 8. This result is in good agreement with that of Green & Pina (1963) for human adenoviruses and with that of Anderson et al. (I97I) for CELO virus.
Interferon. The supernatant fluid of CELO virus infected cultures was maintained at pHz for 4 to 5 days. The preparation was clarified by centrifuging at IOOOOO g for z h. Interferon was assayed by the VSV plaque reduction method. Serial twofold dilutions of interferon containing supernatant fluid were prepared. After an overnight contact with interferon, the chicken cells were infected with VSV (50 p.f.u./Petri dish) and plaques were counted after 48 h incubation. In our titration-system, one unit of interferon prepared by us was equivalent to 0"7 unit of international reference chicken interferon (kindly supplied by National Institute for Medical Research, London).
Cytosine arabinoside (Sigma) was added to the medium at different times before or after infection and maintained throughout the experiment.
U.v. irradiation. A Philips germicide tube was used with the maximum emission at 2537 A. The dose-rate was IOO ergs mm -2 s -a, as measured by a Latarjet dosimeter. The virus was diluted ~ : IO in PBS, then irradiated at a depth of I mm at 4 °C, with gentle shaking.
[3H]-Thy midine incorporation.
[~H]-Thymidine, I-5/zCi/ml, was added to the cultures at the time of infection or after adsorption and left throughout the experiment. DNA was extracted from uninfected and infected chicken cells according to the method of Marmur (I96I), with the exception that SDS disrupted cells were treated with pronase before extraction (1 mg/ml; I h at 37 °C). After extraction, DNA was collected on Millipore filters, washed with TCA (5 %), distilled water and alcohol. The radioactivity was measured with a Nuclear Chicago counter.
RESULTS

Kinetics of production of virus and imerferon in chicken cells infected with CELO virus
The kinetics of virus replication and interferon formation in chicken fibroblasts infected with CELO virus are summarized in Fig. I . For measuring virus replication, whole infected cultures were frozen-thawed at different times after infection. Increase in infectious virus titre could be first demonstrated 13 to I4 h following infection. The cycle of virus replication was I6 to 18 h. Interferon appeared before infectious virus, 9 h after infection. The first plateau of interferon production was reached 18 to 2o h after infection. The kinetics of interferon production in chicken cells were also studied at different multiplicities of infection (Fig. 2) . At an input multiplicity of IO -z ID5o/cell, 4% of the maximum titre was attained on the first day after infection, 70 % on the second and Ioo % on the third. At an input multiplicity of lO .3 ID 5o/cell, interferon production was highest on the third day. When the multiplicity was as low as Io -4 ID5o/cell or Io -5 ID5o/cell, interferon could not be detected during the first two days; and its yield was lower on the third day (Fig. 2) .
Effects of u.v. irradiation on virus and interferon production in CELO virus infected cells
In further experiments, we studied whether virus replication was necessary for interferon induction. The virus was irradiated with u.v. at iooo, 25oo, 5ooo and ioooo ergs/mm 2 before infection. The infectivity decreased by o'5, ~, 2 and 4 logs, respectively (Fig. 3) . The interferon-inducing capacity of the virus was not affected even when irradiated with u.v. at 2oooo ergs/mm 2. When 5oooo ergs/mm 2 were used, the yield of interferon decreased by 50 %, and at i ooooo ergs/mm 2 by 97 %. Similar results were obtained with CELO virus purified on RbC1 gradient.
Pusztai et al. 0969) found that adenovirus i2 was equally sensitive to u.v. irradiation, but its capacity to induce interferon was more affected than that of CELO virus.
Effects of cytosine arabinoside treatment on virus and interferon production and [3H]-thymidine incorporation in CELO virus infected cells
Infectious and interferon-stimulating properties of CELO virus can also be separated by CA treatment (4o/zg/ml). Added at the time of infection or just after adsorption and maintained throughout the experiment, CA diminished the virus yield by log 3"5, both in crude and purified CELO virus infected chicken cells (Table I) .
[3H]-Thymidine incorporation into the DNA of CELO virus infected cells was diminished by 9 ° % after treatment with CA (Table t) . By contrast, CA treatment did not impair production of interferon in cells infected at an input multiplicity of I.O and diminished it by 20 and 38 % in cells infected at an input multiplicity of 0"5 and o.I of crude or purified CELO virus (Table 2) . These results also indicate that progeny virus participates in interferon induction only at multiplicities smaller than I.o. Similar results were obtained with human adenovirus 7 ( Table 2 ). The time of addition of CA, which varied from I8 h before to 2 h after infection, did not influence the results shown in Table 2. DISCUSSION CELO virus can still induce interferon after treatments which drastically reduce its infectivity, showing that parental CELO virus induces interferon in chicken cells in the absence of new DNA and virus synthesis.
At present it is not known whether the double stranded DNA of the input virus is directly responsible for the interferon induction. The similarity of our u.v. inactivation curve of interferon inducing capacity of the double stranded DNA-containing-CELO virus to that found for poly rI:rC (Falcoff, Falcoff & Catinot, i97 o) favours this hypothesis. However, it cannot be excluded that a double stranded RNA specified by the virus DNA could be involved in triggering interferon synthesis in this system, as is suggested by Colby & Duesberg (I969) for vaccinia-infected chicken cells.
Our preliminary studies concerning double stranded RNAs of uninfected and adenovirus infected chicken ceils do not favour this latter hypothesis. We find the same percentage of RNase resistant material (4 to 5 %) in RNA extracted from uninfected and CELO or adenovirus 7 infected chicken cells. This RNase resistant material, in concentration
